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Abstract
Background: Patients with left bundle branch block have a preserved right bundle branch conduction and the
efficacy of left ventricular pacing could be explained with the fusion between artificial pulse delivered in the left
lateral wall and the spontaneous right ventricular activation. Moreover, the efficacy of left ventricular pacing could
be enhanced with an optimal timing between the spontaneous right ventricular activation and the left ventricular
pulse.
Case presentation: We evaluated a patient (male, 47 yrs) with surgically corrected mitral regurgitation, sinus
rhythm and left bundle branch block, heart failure (NYHA class III) despite medical therapy and low ejection
fraction (25%): he was implanted with a biventricular device.
We programmed ventricular pacing only through the left ventricular lead.
We defined what we called electrocardiographic "fusion band" as follow: programming OFF the stimulator, we
recorded the native electrocardiogram and measured, through the device, the intrinsic atrioventricular interval.
Then, atrioventricular interval was progressively shortened by steps of 20 ms down to 100 ms. Twelve leads
electrocardiogram was recorded at each step. The fusion band is the range of AV intervals at which surface
electrocardiogram (mainly in V1 lead) presents an intermediate morphology between the native left bundle
branch block (upper limit of the band) and the fully paced right bundle branch block (lower limit).
The patient underwent echocardiographic examination at each atrioventricular interval chosen inside the fusion
band. The following parameters were evaluated: ejection fraction, diastolic filling time, E wave deceleration time,
aortic velocity time integral and myocardial performance index.
All the echocardiographic parameters showed an improvement inside the fusion band, with a "plateau" behaviour.
As the fusion band in this patient ranged from an atrioventricular delay of 200 ms to an atrioventricular delay of
120 ms, we chose an intermediate atrioventricular delay of 160 ms, presuming that this might guarantee the
persistence of fusion even during any possible physiological (autonomic, effort) atrioventricular conduction
variation.
Conclusion: In this heart failure patient with left bundle branch block, tailoring of the atrioventricular interval
resynchronized myocardial contraction with left ventricular pacing alone, utilizing a sensed right atrial activity and
the surface electrocardiographic pattern.
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Background
Patients with heart failure (HF), left ventricular dysfunc-
tion and left bundle branch block (LBBB) can be treated
with cardiac resynchronization therapy (CRT) [1], which
can be obtained with both biventricular pacing or left ven-
tricular (LV) pacing. Good results have been reported with
the two types of pacing [2-12].
Patients with LBBB generally have a preserved right bun-
dle branch conduction and the efficacy of LV pacing can
be explained with a fusion between the artificial pacing
pulse delivered in the left lateral wall and the spontaneous
right ventricular (RV) activation. Moreover, the efficacy of
LV pacing could be enhanced with an optimal timing
between the spontaneous RV activation and the LV pulse
[13-15].
Patients with sinus rhythm (SR), HF, left ventricular dys-
function and LBBB can provide a specific trigger for a good
timing of ventricular stimulation, namely atrial activity,
sensed or paced. In addition, as the atrioventricular (AV)
interval can be programmed, the morphology of the QRS
complex consequently varies, showing different degrees of
fusion. In this context electrocardiogram (ECG) could be
used as a marker reflecting the mechanical synchrony of
the ventricles.
This case report suggests that a properly timed fusion
between the spontaneous RV activation and LV pacing
corresponds to a good hemodynamic response of the
heart and, therefore, the optimal timing of LV pacing
could be determined simply by programming the AV
interval on the basis of surface ECG pattern.
Case presentation
We evaluated a patient (male, 47 yrs) with surgically cor-
rected mitral regurgitation, HF (NYHA class III), SR, LBBB
and left ventricular dysfunction (ejection fraction 25%)
despite optimal medical therapy; he was implanted with a
biventricular device with independent ventricular outputs
(Contak Renewal ICD-Guidant).
We programmed ventricular pacing only through the LV
lead. The device was tracked by the spontaneous atrial
activity because of a preserved sinus node function.
We defined what we called electrocardiographic "fusion
band" as follows: the stimulator was first programmed
OFF to assess the basal ECG of the patient and the intrin-
sic AV interval, namely the interval between atrial and RV
sensing measured through the implanted device, was
measured as well. Then, AV interval was progressively
shortened by steps of 20 ms down to the lower limit of 80
ms. Twelve leads ECG was recorded at each step. The
fusion band is the range of AV intervals at which surface
ECG (mainly V1 lead) shows an intermediate morphol-
ogy between the native LBBB pattern (upper limit of the
band) and the fully paced right bundle brunch block
(RBBB) pattern (lower limit).
In order to investigate the "fusion band", we chose the fol-
lowing AV values: 200, 180, 160, 140, 120 ms (figure 1).
The patient underwent echocardiographic examination at
each AV interval. The following parameters were evalu-
ated: ejection fraction (EF%), diastolic filling time (DFT),
E wave deceleration time (DT), aortic velocity time inte-
gral (VTI) and myocardial performance index (MPI).
All the echocardiographic parameters showed an
improvement at each programmed AV interval with a
"plateau" behavior. Within an AV interval of 200 and 120
ms we choose to program the AV interval at an intermedi-
ate value of 160 ms (figure 2).
Discussion
In this patient LV pacing seems to produce an improve-
ment of the echocardiographic parameters at every AV
interval inside the fusion band. It is not possible, how-
ever, to identify an AV value at which there is a full con-
cordance of all the parameters. As the band of fusion
ranges from an AV interval of 200 to 120 ms, we chose an
intermediate AV value of 160 ms supposing that this
might enable the persistence of fusion even during any
possible physiological (autonomic, effort, etc) AV con-
duction variation. Data from literature support this
hypothesis [9] since LV pacing alone seems effective in the
mid-term in this patient population. This suggests that the
acutely tailored AV interval is a valid option also during
the spontaneous variation of the AV conduction. For this
reason, LV pacing does not seem to be a good option in
patients with AV block, due to the lack of spontaneous RV
activation.
The improvement of every echocardiographic parameter
inside the fusion band, as compared to the basal condi-
tions, shows a plateau pattern. This has to be confirmed
by a large-scale trial. We hypothesize that our method
could be applied in the patients undergoing CRT, repre-
senting a simple and effective way to program the proper
AV interval using only surface and intracardiac ECG
analysis.
If further studies will confirm this hypothesis, the pro-
gramming of the devices would be simplified and made
faster without any loss in effectiveness. Moreover this
method saves the energy of RV pacing.
The hypothesis of tailoring myocardial resynchronization
with LV pacing alone from ECG criteria seems attractiveCardiovascular Ultrasound 2005, 3:29 http://www.cardiovascularultrasound.com/content/3/1/29
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ECG morphology at different AV intervals Figure 1
ECG morphology at different AV intervals. Different ECG morphology corresponding to each programmed AV interval, 
including the basal ECG of the patient without ventricular pacing. With the progressive shortening of the programmed AV 
interval, QRS morphology (mainly in V1 lead) changes from LBBB to a RBBB-like trace at the shortest AV interval, correspond-
ing to a complete capture of both ventricles by LV pacing. Different degrees of ventricular fusion between RV spontaneous 
activation and LV pacing can be seen for AV intervals programmed in the range 200–120 ms.
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Echocardiographic parameters at each step of AV interval Figure 2
Echocardiographic parameters at each step of AV interval. Ejection fraction (EF%), diastolic filling time (DFT), E wave 
deceleration time (DT), Aortic Velocity Time Integral (Aortic VTI), Myocardial performance index (MPI).
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and LV pacing could be proposed as a valid option in
patients with sinus rhythm. This approach does not neces-
sarily exclude the presence of RV lead as only patients with
LBBB and stable sinus rhythm may do without RV pacing.
In fact the possibility of new development of atrial fibril-
lation in HF patient must be considered: in this case biv-
entricular pacing may be useful as during atrial fibrillation
episodes fusion is not constantly present, due to the loss
of the reference a trial trigger for LV pacing.
Moreover, patients with indication to implantable defi-
brillators need RV lead for the appropriate sensing and
defibrillation of the arrhythmias.
Conclusion
Our HF patient with SR and LBBB showed an improve-
ment of echocardiographic variables during the ECG
"fusion band" obtained with LV pacing. This simple
method, only based on ECG criteria, needs to be tested on
a large group of patients.
Competing interests
The author(s) declare that they have no competing
interests.
Authors' contributions
All the authors contributed to the definition of the pro-
posed method. The paper has been written by L.G. The
draft has been discussed by all the authors and the final
version approved.
Acknowledgements
Written consent was obtained from the patient for publication of the study.
References
1. Gregoratos G, Abrams J, Epstein AE, Freedman RA, Hayes DL, Hlatky
MA, Kerber RE, Naccarelli GV, Schoenfeld MH, Silka MJ, Winters SL:
ACC/AHA/NASPE 2002 Guideline Update for Implantation
of Cardiac Pacemakers and Antiarrhythmia Devices – Sum-
mary Article: a Report of the American College of Cardiol-
ogy/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/NASPE Committee to Update the
1998 Pacemaker Guidelines).  J Am Coll Cardiol 2002,
40:1703-1719.
2. Cazeau S, Leclercq C, Lavergne T, Walker S, Varma C, Linde C, Gar-
rigue S, Kappenberger L, Haywood GA, Santini M, Bailleul C, Daubert
JC: Effects of multisite biventricular pacing in patients with
heart failure and intraventricular conduction delay.  N Engl J
Med 2001, 344(12):873-880.
3. Abraham WT, Fisher WG, Smith AL, Delurgio BD, Leon A, Loh E,
Kocovic DZ, Packer M, Clavell AL, Hayes DL, Ellestad M, Trupp RJ,
Underwood J, Pickering F, Truex C, McAfee P, Messenger J, for the
MIRACLE Study Group: Multicenter InSync Randomized Clini-
cal Evaluation. Cardiac resynchronization in chronic heart
failure.  N Engl J Med 2002, 346(24):1845-1853.
4. Linde C, Leclercq C, Rex S, Garrigue S, Lavergne T, Cazeau S, McK-
enna W, Fitzgerald M, Deharo JC, Alonso C, Walker S, Braunschweig
F, Bailleul C, Daubert JC: Long-Term Benefits of Biventricular
Pacing in Congestive Heart Failure: Results From the Multi-
site STimulation In Cardiomyopathy (MUSTIC) Study.  J Am
Coll Cardiol 2002, 40:111-118.
5. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T,
Carson P, DiCarlo L, DeMets D, White BG, DeVries DW, Feldman
AM, for the Comparison of Medical Therapy, Pacing and Defibrillation
in Heart Failure (COMPANION) Investigators: Cardiac-Resyn-
chronization Therapy with or without an Implantable Defi-
brillator in Advanced Chronic Heart Failure.  N Engl J Med
2004, 350:2140-2150.
6. Cleland JGF, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappen-
berger L, Tavazzi L, for the Cardiac Resynchronization-Heart Failure
(CARE-HF) Study Investigators: The Effect of Cardiac Resyn-
chronization on Morbidity and Mortality in Heart Failure.  N
Engl J Med 2005, 352:1539-1549.
7. Nelson GS, Curry CW, Bradley TW, Kramer A, Declerck J, Talbot M,
Douglas MR, Berger RD, McVeigh ER, Kass DA: Predictors of
Systolic Augmentation From Left Ventricular Preexcitation
in Patients With Dilated Cardiomyopathy and Intraventricu-
lar Conduction Delay.  Circulation 2000, 101:2703-2709.
8. Blanc JJ, Etienne Y, Gilard M, Mansourati J, Munier S, Boschat J, Benditt
DG, Lourie KG: Evaluation of Different Ventricular Pacing
Sites in Patients With Severe Heart Failure Results of an
Acute Hemodynamic Study.  Circulation 1997, 96:3273-3277.
9. Blanc JJ, Bertault-Valls V, Fatemi M, Gilard M, Pennec PY, Etienne Y:
Midterm Benefits of Left Univentricular Pacing in Patients
With Congestive Heart Failure.  Circulation 2004,
109:1741-1744.
10. Riedlbauchova L, Fridl P, Kautzner J, Peichl P: Performance of Left
Ventricular Versus Biventricular Pacing in Chronic Heart
Failure Assessed by Stress Echocardiography.  PACE 2004,
27:626-631.
11. Touiza A, Etienne Y, Gilard M, Fatemi M, Mansourati J, Blanc JJ: Long-
Term Left Ventricular Pacing: Assessment and Comparison
With Biventricular Pacing in Patients With Severe Conges-
tive Heart Failure.  J Am Coll Cardiol 2001, 38:1966-1970.
12. Auricchio A, Stellbrink C, Butter C, Sack S, Vogt J, Misier AR, Bocker
D, Block M, Kirkels JH, Kramer A, Huvelle E: Clinical Efficacy of
Cardiac Resynchronization Therapy Using Left Ventricular
Pacing in Heart Failure Patients Stratified by Severity of
Ventricular Conduction Delay.  J Am Coll Cardiol 2003,
42:2109-2116.
13. Verbeek XA, Vernooy K, Peschar M, Cornelussen RN, Prinzen FW:
Intra-Ventricular Resynchronization for Optimal Left Ven-
tricular Function During Pacing in Experimental Left Bundle
Branch Block.  J Am Coll Cardiol 2003, 42:558-567.
14. Vogt J, Krahnefeld O, Lamp B, Hansky B, Kirkels H, Minami K, Korfer
R, Horstkotte D, Kloss M, Auricchio A: Electrocardiographic
Remodeling in Patients Paced for Heart Failure.  Am J Cardiol
2000, 86:152K-156K.
15. Auricchio A: Pacing the Left Ventricle: Does Underlying
Rhythm Matter?  J Am Coll Cardiol 2004, 43:239-240.